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About Li ght

Green

nanometers

The human eye perceives only a snall fraction of the

el ectromagnetic spectrum wthin this snmall range each
part of the spectrumis seen as a different color. Mst
peopl e can detect color in the range of about 400 to 700
nanoneters, that is fromviolet to deep red. Wen there
is no light, we see Black; when light fromall of the
spectrumis present in approximtely equal quantities,
we see Wiite. Color filters allowonly part of the
spectrumto pass and we see just the color of the
filter. For exanple, a green filter will block blue and
red light letting only the green part of the spectrum
pass, so when we | ook through it everything appears in
shades of green, in essence a nonochromatic inage.
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Figure 1: El ectromagnetic Spectrum



How W& Print

To reproduce the colors of an original inage, the
subtractive color process is used. Colored inks are
printed sequentially on a white substrate, usually
paper. These inks are, for the nost part, transparent
and act as color filters. Thus, white [ight shining on
a green ink patch on white paper is seen as green since
the blue and red parts of the spectrum were absorbed as
the light passes through the ink. Then it is
reflected by the white paper and filtered a second tine
as it reenerges fromthe ink surface. The thicker the
ink film the nore light the ink absorbs and the darker
the ink seens. It appears to have a greater density.

In process color printing, only three inks are used to
substantially reproduce nost of the colors that we see.
This range of colors is called the color ganut and is
dependent on the fornulation of the inks and the
quality of the paper or substrate. These three inks are
Cyan, Magenta and Yellow. Wen cyan ink is printed on
white paper, the red part of the spectrumis absorbed
and the green and blue portions are reflected fromthe
paper. To the eye, the result appears as cyan

Magenta i nk absorbs green light and reflects red and

bl ue, while yellow ink absorbs blue and reflects red
and green. In theory, a conbination of these three inks
absorb all parts of the spectrum and appears as bl ack
In reality, due to the characteristics of the pignents,
a three-color mx appears brown. For this reason a
fourth ink is used, nanely pure bl ack
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To reproduce a color original, an electronic col or
scanner separates the inmage into its cyan, nagenta and
yel | ow conponents using red, green and blue filters. A
conbi nation of these is then used to create the bl ack
conponent. The output of the scanner consists of a

hal ftone screen for each of the four separations of the
original with graduated dot sizes reproducing the tona
range of the original. Printing plates are then nade
fromthese screens which, in turn, print the imge on
paper using the four process inks. To ensure col or
control and to maintain a consistent printed product,
the ink filmthickness and the size and col or strength
of these hal ftone dots must be nonitored.

Now, while the human eye is quite good at conparing the
density of adjacent ink patches, it is not very good at
judgi ng them when they are separated, across a press
sheet for exanple, and can not assign numerical val ues
to a sanple. Perception is a subjective
j udgnment and may change with fatigue or
vary from person to person. Wat is needed
is an objective nmethod of evaluating the
D=0.08 ink film thickness.

Enter the Densitoneter! This device
measures the ink filmthickness and pro-

=030 vides an Optical Density value. As nen-
tioned previously, as nore ink is applied,
the darker it |ooks. The densitoneter

D =1.00 measures the amount of |ight being

: reflected fromthe sanple and, within

certain limtations, gives higher density
readings with increasing ink film

P t hi ckness. When the ink filmthickness

approaches a certain point, however, there
is no further increase in density.

b-250 How Does a Densitoneter Wrk?

Ink Film Thickness vs. A reflection densitoneter fundarmentally
Density

nmeasures the anount of light reflected from
a surface. There are certain specific
conditions to be met which have been defined by the
Anerican National Standards Institute (ANSI) and by the
International Standards O ganization (1SO. These
specifications deal with the geonetric conditions of
measur ement and with the spectral responses of the

i nstruments.

A reflection densitoneter consists of a |ight source
that has a stable output, optics to focus the light into
a defined light spot on the sanple, filters to define
the spectral response of the unit and a detector to
nmonitor the reflected light. The sanple is usually

illum nated fromabove, i.e. at 90° to the sanple

surface, and viewed at 45° to the surface. This view ng
condition nay be reversed if required. This view ng
condition elimnates gloss reflections and only the
diffuse reflections are seen by the detector. It is
simlar to | ooking at a gl ossy photograph — you tend to
look at it at an angle to avoid shiny reflections that
obscure the inage. The el ectronics of the densitoneter
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Figure 4: 1Ink and
Color Filters

usual ly consist of a logarithmc anplifier and a digital
di spl ay.

Why a logarithm c response? This is because the
densitometer tries to provide nunbers that correspond to
what we see. The hunan eye has a | ogarithm c response,
as, incidentally, does the human ear. W tend to see
equal differences in density as equal visual effects.

For exanple if a sanple has a density of 0.80, it wll
appear to be about twice as dark as a sanple having a
density of 0.50. The density scale is logarithmic, a
density of 1.00 indicates that 10% of the light has been
reflected and a density of 2.00 shows a 1% reflection.
In the exanpl e above, the sanple that is twice as dark
has a density difference of 0.30 fromthe lighter

sanple. The logarithmof 2 is 0.30.

Over a restricted range, the density readings froma
densitometer are approximately proportional to the ink
filmthickness. So, if you run an ink to a specific
density value, you can be reasonably sure that the ink

filmthickness and, in turn, the product appearance,
will be consistent.
Density Readi ngs of Inks

To measure the
> reflection density
S of process inks, it
o i s necessary to use
a conpl enentary
filter in the
optical path of the
densitoneter. This
i s because the ink
absorbs one part of
the spectrumwhile
allowmng the rest to
be reflected al nost
unchanged by the
whi t e paper sub-
strate. For exanpl e,
cyan ink strongly
absorbs the red conponent of the spectrumwhile |eaving
the green and bl ue conponents rel atively unchanged. Snal
changes in the ink filmthickness have a nmuch greater
effect on the red part of the spectrumthan on the green
and blue. Thus, if the densitometer detector has a red
filter, it blocks the green and bl ue conponents and only
sees the red, the conponent that is strongly influenced
by the ink filmthickness. The densitoneter then sees
the ink as shades of gray for measurenent purposes.

LAMP—>

<— SENSOR
<— COLOR FILTER

OPTICS—> l

Fi gure 3: Conponents of a Reflection

The filters used to read process colors are: a red
filter for cyan ink, green for magenta ink and blue for
yellow i nk. The black ink is not spectrally selective
and a wi de band visual response is used. If you are
measuri ng non-process inks, you should try each filter
the red, the green and the blue, and use the one that
gives the highest reading. In this way the reflection
densitometer can give accurate and precise optica
density readi ngs of the ink patches on your press sheet
and provi des objective nunerical data of your printing



process.

Spectral Response

The reflection densitoneter uses simlar color filters to
those that produce the separations. So you mi ght think
that different densitoneters would read the same. How
ever, there are sone differences in the filters of
various types of densitometers causing discrepancies in
readi ngs between units. To overcone this, ANSI specifica-
ti ons have defined several Systemresponses for
densitoneters. Units conformng to these specifications
shoul d have a reasonabl e agreenent. Among these spectra
responses are Status A and M which are used in phot o-
graphic applications and Status T, which is generally
accepted as the Wde Band Graphic Arts response in North
Anerica. European responses are different giving a higher
reading on yellow ink; this response is called Status E
O her responses exist such a Status | which is a
narrowband response. Because these varying systemre-
sponses exist, it is inmportant that the Status response
of the densitoneter that you are using be included in any
comuni cati on between customer and vendor.



Usi ng a Densitoneter

Today’ s densitoneters are a sophisticated bl end of

el ectronics, optics and software. Many of the
functions, such as filter selection and calibration
have been automated and digital displays provide easy-
to-read results. These nunerical neasurenents permt
obj ective eval uation of press sheets and ensure

consi stent color control. In addition to the solid ink
densities, today' s densitoneters will also provide
nunmerical data on other test targets that characterize
the printing process, such as dot size and ink

trappi ng.

Figure 5: 1Q 200 Reflection
Densi t onet er



Print Control Strips

Since the finished printed i mage generally consists of
the overprint of the four hal ftone screens, it is very
difficult to isolate each of the various conponents
affecting the reproduction of the original inage.

To overcone this problem a series of test elenments can
be printed along with the i nage, and each el enrent can be
designed to highlight a particular aspect of the
printing process. Wiile some of these test targets can
be evaluated by eye, others require the use of measuring
equi pnent. The usual formof these test elenents is a
strip across the edge of the press sheet, although in
boxboard and | abel work these el ements nay be
interspersed with the i nages. These test strips, called
print control strips or colorbars, are available
comercially fromvarious vendors, and consist of strips
of filmcontaining the various test elements for each of
the four colors. In some cases six color versions are
avai | abl e when special colors mght be used.

The usual densitonetric targets in a colorbar are: Solid
Ink Density, Dot Area/ Gain of the quarter, half and
three-quarter tints, Contrast and the Trapping of ink
overprints.

ONE SEQUENGE

+ +
CCYYM MMCCM C Y K KKSO C C50Y Y50 M M50

SLUR SLLR SLUR SLUR

Figure 6: Col orbar
El ement s



Densitonetric Functions

Solid Ink Density

In the hal ftone process, as nentioned above, the tona
scale of the image is represented with dots of differing
sizes. This procedure makes the assunption that the ink
filmthickness of each dot is the same irrespective of
its size or dianeter. Al so, as the inage coverage varies
across the press sheet, the anount of ink that is
required to print the i mage changes, requiring different
i nk fountain key setting across the press sheet. To
measure the ink filmthickness and to ensure its
uniformty across the press sheet, patches of solid ink,
i.e. 100%dot, for each color are placed in the col orbar
and may be nmeasured with the densitoneter.

Absol ute density is the nmeasured density of the ink
sanpl e including the substrate, while relative density is
the density of the ink sanple mnus the density of the
substrate or base.

Typi cal values for solid ink density are:

D = logqgr STATUS T DENSI TI ES*
1 Coat ed Uncoat ed
— X 100 St ock St ock
0P Bl ack 1.55 -1.85 1.40 - 1.70
Oyan 1.25 - 1.45 1.15 - 1.30
D = Optica[ Density Magenta 1.20 -1.40 1.10 - 1.30
R = % Reflection Yellow 0.90 - 1.00 0.80 - 0.90

* Use these val ues as guidelines only.
Actual optinmm
values will vary frompress to press.

The ink, paper and press characteristics influence the
choice of target solid ink densities. Too high a set of
densities tends to dirty the appearance, clog the shadows,
warmthe magentas and yel | ows, whereas | ow val ues give a
washed- out | ook. The densities set should be bal anced to
give neutral grays over the entire range of gray val ues.
Variation in ink densities fromthe target, or reference
val ues, should be carefully nonitored. To mninize col or
shift, it is desirable that the ink densities are

bal anced. It is better to have the 3/c solid ink
densities too high or too lowin value as a group, rather
than having some high and sone low. Trap and dot gain
should be within acceptable limts. D fferent

conbi nations of ink and paper will require different
standards. Adopt as your standard what works best for
you. Once you have set a standard, using a densitoneter
hel ps to give you consistent results.

Dot Gain

In addition to solid ink patches, print control strips
may al so include dot test targets for the quarter, half
(mdtone) and three quarter tone tints for each of the

i nks used. These test targets are used to nonitor the way
the dot is reproduced. As the image progresses through
the reproduction process fromfilmto plate, plate to

bl anket and finally blanket to paper, the size of the dot
changes. This is called Dot Gain and is expressed as a

di fference between the original dot on the filmand the
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nmeasured dot on the printed i nage. For exanple, if the
original had a dot area of 50%on the filmand the
resulting printed dot area was 68% the dot gain would be
18% GCenerally, the higher the screen ruling, the higher
the dot gain.

Because we are conparing the result to an original, it
is very inportant that we do i ndeed use origina
colorbar filmand not a dupe, since the dupe will itself

have sone degree of distortion. Dot gain on press is a
fact of life and as long as it is consistent and the dot
gain of each of the inks is approxinately the same, its
effect can be accounted for when the hal ftone separations
are nade.

1-10": To neasure dot gain,
Effective Dot Area = — ~ x100| the reflection
1-10>s densitoneter is used
to take a readi ng of
D, = Relative Density of Tint the halftone tint, a
D. = Relative Density of Solid solid ink patch
s ~ ty i adj acent to, or as

cl ose as possible to, the tint patch, and a readi ng of
t he paper base. Then using the Mirray-Davies equation
the dot area and dot gain val ues are cal cul at ed
autonmatically by the densitoneter. Typical mdtone dot
gai n val ues are:

M DTONE Dor GAIN

usi ng Murray-Davi es Equation* Optical Dot Gain
Sheet Fed Vb Ofset  There are special cases where the internal
Bl ack 2206 + U 250 + % light scattering properties in the paper
— — will significantly affect the readings of a
Cyan 20% + 9% 22% + 9% densitometer. This is especially true when
Magenta  20% + % 22% + 9%

Yel | ow 18% + Ui gur 2% Fhe¥®Ef f ect of Light Scattering Properties
* Use these val ues as guidelines only. . . . .
Actual optimumvalues will vary from wor ki ng wi th photographic material,

press to press.

newsprint, sone coated stocks, and any
material that exhibits substantial internal |ight
di ffusing characteristics. It is safe to say that al nost
any white base will exhibit this light diffusing
characteristic.

Unprinted paper appears white because of the perceived
conbi nation of the light reflected fromthe surface, and
the light diffused into and reflected fromthe substrate.
A dot, printed on paper, acts as a nask and affects the
reflection of light fromthe printed sheet prinmarily in
two ways.

First, the dot prevents light fromentering the
substrate of the paper and thereby prevents the

di ffusion, or scattering, of that light into areas
adj acent to the dot.

Second, the converse of this occurs and |light scattered
by the white paper adjacent to a dot decreases the
effective density of the areas inside the boundary of
the dot, in opposition to the effect of the shadow hal o
in the white areas.



The white paper in the area next to the dots,

a | ower apparent

t hen, has

reflectivity than unprinted paper,
resulting in a darker ‘‘halo’”’

surroundi ng the dot.

Since a dot area calculation is based upon the

reflectivity of the unprinted white paper,

the halo

causes the dot area to be reported as a hi gher val ue

t han expect ed.

ot i cal

dot gain is affected by dot size
and paper characteristics.
phot ogr aphi ¢ papers or a press print on an

screen ruling,
resi n-coat ed
[ Opaquel ’

For exanpl e,

white plastic base because of the great translucency of

the base, will exhibit substantial
. 1-10Pt/n optical dot gain.
Physical Dot Area = ————
1-107s/n When the actual dot size, or
physi cal dot area, needs to be
D; = Relative Density of Tint deternined, the Yul e-N el sen
= : p p Equation attenpts to conpensate for
Ds Relaltl.ve Dens:t_yofSoIld the light scattering effects of the
n = Empirically-derived Factor paper. This nodifies the Mirray-

cal cul ation by introducing the

D - D
Hop = M1 x 100

Trap =
P D,

Dop = Density of 2/c overprint

D; = Density of first ink

D, = Density of second down ink

Note: All density measurements use the first ink's filter.

Trap

When a job is run,
sequentially printed. The order
inks is usually cyan
printed either first or

Davi es Equation for dot area

‘“n’ factor. This factor
is chosen to give an approxi mate
correl ati on between the measured dot
and the physical dot size and nust be
determ ned for each of the various
types of work that you are printing.
Its val ue depends on the conbination

of paper, ink and screen ruling that
is used.
Typi cal values for “*n’’ wll range

from1.0 (no correction, or equivalent
to Murray-Davies) to as high as 4.0.

the four process colors are
or rotation, of the
magenta, yellow with bl ack

|last. The inks are fornul ated

to have a graded tack according to the rotation on

press.
previous ink that
fromthe paper.

To noni tor

This ensures that each ink adheres to the

was printed rather than lifting it
this, colorbars have targets

where solids are overprinted -— yell ow on nagenta gi ving
red, yellow on cyan giving green and nmagenta on cyan

giving blue. These pat ches,
conponent single colors,

densi toneter.

toget her with patches of the
are then neasured with a

A calculation is nade, generally using the equation pro-

posed by Frank Preucil,

figure.

This, then

Cont r ast

is a nmeasure of how wel |
adhering to each ot her.

to give a percentage Trap

the inks are

Typi cal trap val ues are:



Print contrast is a neasure of the

Ds - Dy abi i t inti
PP _ y of the printing process to
Printing Contrast = DL hol d shadow detail. A density
s neasurenment is taken of the three-
quarter tone patch and of a solid
patch. Print contrast is expressed
D¢ = Density of Solid as the percentage ratio of the
= i ; difference in density between the two
D; = Density of Tint patches and the solid ink. A value
above 30%is generally considered
accept abl e.
TRAP VALUES*
for a Cyan, Magenta and Yell ow print
sequence Hue Error & Grayness
Sheet Fed Veb O fset To nmonitor the quality of your inks and
Red 70% 65% to check for contanination,
G een 80% 75% characteristics called hue error and
grayness may be read fromthe solid
Bl ue 75% 70% Hue error is a

* Use these val ues as guidelines only.
Actual optinmm
values will vary frompress to press.

process ink patches.
neasure of the deviation of the ink
froma theoretically perfect process
color. The larger the error, the

smal l er the ganmut of colors that can problem nerely a

characteristic of the ink. The term‘‘error’’

is really

a msnomer since it does not indicate a problem nerely
a characteristic of the ink.
Dy -D
Hue Error = —M"—L x 100
H-D

Dy = Highest Density
Dy = Middle Density
D; = Lowest Density

The grayness readi ng shows how

For these neasur

solid ink patches is taken and, again,

the ink is.
readi ng of the
t he densitoneter

dirty"

enents, a three-filter

can cal cul ate the results.

D
Grayness = =L x 100
D
Dy = Highest Density
D, = Lowest Density




Bal ance Pat ches

Gray bal ance patches are often printed adjacent to a 50%
bl ack and are used to visually check col or bal ance.

They usually consist of all three halftones: yellow and
magenta printed at about 40% dot and cyan at about 50%
They should yield a neutral gray and will serve to
typify the color balance of the job for the conbination
of press, paper and ink being used.

Scanni ng Densitoneters

Scanni ng Densitoneters are generally color reflection
densitometers that will take multiple readings
automatically across a sheet, store the values and often
translate the data into statistical charts for quality
control purposes.

There are two types of scanning densitoneters: a |linear
scanner that reads along the |length of a colorbar and a
t wo- di mensi onal or X/'Y scanner. A linear, colorbar
scanner stores the sequence and position of the elenents
of comercial control strips in menory. It can then
‘““find’’ the bar on a scan and autonatically read solid
i nk densities, halftones and traps, providing inmediate
feedback to the pressman on how the job is running. An
X/'Y scanner has the ability to not only scan a col orbar
but also to scan test targets anywhere on the press
sheet, for exanple those found on the flaps of cartons
i n boxboard printing.

The speed with which these scanners can read hundreds of
measurenent targets in a few seconds provi des an
opportunity for detailed analysis of the print job; in
addition they may be included in a | owcost |oop system
The scan data can be exam ned using statistics and

all ows the power of Statistical Process Control (SPC) to
be brought into the pressroom

Statistical Process Control (SPC)

Statistical Process Control is an infornation feedback
systemthat assures acceptable levels of product quality
are mai ntained throughout a process. It nonitors sanples
taken during the process and indi cates appropriate changes
as needed. Using statistics in the printing process, a
relatively limted nunber of sanples can be neasured to
characterize the color quality of an entire press run
since it is not econonically feasible to read the
densities of every sheet. Wile printing custoners are
now pushing to obtain reports that indicate howtheir job
ran, proper use of Statistical Process Control, or SPC
can actually help the printer produce a better product.

In any process there is always sone variability. It

will not operate at a fixed setting and hold to a
specific result w thout sone inposed "process control”
This is evident when neasurements are taken on a series
of production pieces. The readings tend to fluctuate in a
random pattern around the nean val ue, may show | arge
swings or may have an upward or downward trends. By
correcting these abnormalities, variations may be reduced
to be within acceptable limts.
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Figure 8: SPC Run Chart cyclic patterns. Variations in the

Po

process are due to ‘‘random causes’’
over which one has no control. Qhers are attributed to
‘“assi gnabl e causes’’ such as a change of paper, ink or
press settings or characteristics. Wth the proper
anal ysis, relative evaluations can be nade for various
i nks, blankets, roller coverings, water fountain
solutions, job | ayouts, press procedures, and press
mai nt enance and desi gn

arization Filters

It is generally agreed that polarization filters can give

less difference in densitometer measurenents between a wet
and a dried-back printed sheet. This effect, however, is

not always consistent, since ink ‘‘soak-in’’ depends upon

the constitution of the ink as well as the porosity of the
paper .

Wien a wet filmof ink is applied to paper, the surface of
the ink is fairly snooth. The densitometer illuninates
the ink surface vertically and views the reflected |ight

at 45° (or the converse geonetry). Thus, the density
nmeasur ed approaches the true diffuse density of the body
of the ink. As the ink dries, the surface becomres rougher
and, under normal conditions, the density is |owered by
the increase in surface reflections. The effect of these
surface reflections can be substatially reduced by the use
of polarizing filters. The underlying problemhere is
that the eye does see a reduction in density due to the
surface roughness effect. The polarization filters do not
elimnate the actual reduction in diffuse density due to
the ink and pi gments soaking into the paper. This
absorption produces a thinner effective filmof ink on the
surface and hence a reduction in density. The ‘‘true’’
density changes as the ink filmon the surface decreases
on drying. This change in ink density upon drying is
due to a poorly defined conbinati on of several factors.
The elimnation of one of these is suspect since the
effect is not consistent for different circunstances.

The use of polarization filters in a densitoneter is
sonewhat controversial. Since the effect is not
controll abl e and each situation will produce different
results, and due to the distortion of spectral response
caused by the filters, there are no published standards
for the use of polarization filters.

Spectrophot oneters and Col orineters

O her measurenent devices used in the graphic arts

i ndustry are Spectrophotoneters and Col ori neters. These

i nstrunments are designed to nmeasure col or and col or
deviation froma reference sanple. There are several ways
of defining a color, one of which is the L*a*b* col or
space devised by CE organi zati on (Conm ssion
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Internationale de |’ Eclairage). This is calculated from
the XYZ Tristimulus Response, also defined by the CE

whi ch mat ches human vision. ‘X’ is the red response,
‘““Y'’ the green and ‘*Z'’ the blue. The L*a*b* col or space
expresses a color’s lightness with the “‘L*"’ term its
red/ green conponent with the ‘*a*’’ termand its
blue/yellow wth the ‘““b*'’ term

The nmain difference between the two types of units is
that a colorinmeter has actual filters that match the
tristinmulus response while a spectrophotoneter measures
equal Iy across the visible spectrumand mat hematical ly
synthesi zes the tristimlus response. Since the spectro-
phot onet er measures equally across the spectrum it is
possible to calculate any filter response that may be
required, for exanple a Status T densitonetric response.

The spectrophotoneter is used for conparing colors or for
mat chi ng colors. For exanple, fromthe L*a*b* readi ng of
each sanple, adifference value, called delta e, can be
cal cul ated. This conbines differences of the three
properties of |ightness, the red/ green conponent and the
bl ue/yellow to give a single nunber that expresses a
color difference. A delta e of 1.0 is just perceptible
to the human eye

It is inportant to renenber that the L*a*b* readings are
cal cul ated using a nathenatical conbination of the
tristinmulus response. The ‘‘L*'" reading, representing
the sanples lightness, is derived fromthe green Y
response, regardl ess of the color of the sanple. A
densitoneter on the other hand uses the filter that gives
the highest reading. The ‘“*a*’’ and ‘‘b*’’ values are

cal cul ated using a conbination of the X and Y, and Y and
Z responses respectively. This means that there is no
correl ation between readings froma spectrophotoneter and
a densitoneter. Wiile a spectrophotoneter can very
accurately measure color, its readings do not have a
sinple relationship to ink filmthickness. A densitoneter
does not neasure color, but gives readings that are
proportional to ink filmthickness and is the instrunent
of choice for controlling it. Thus, a spectrophotoneter
may be used to neasure printed color differences, but a
densi toneter woul d be used to control the printing
process.



Equat i ons Sunmmary

D = log1gr
1
= — x100
10°

D = Optical Density
R = %Reflection

. 1-10"0

Effective Dot Area = —— ——— x 100
1-10"s

D; = Relative Density of Tint
Ds = Relative Density of Solid

1-10Pt/n

Physical Dot Area =
v 1-10Ps/n

D; = Relative Density of Tint
Ds = Relative Density of Solid
n = Empirically -derived Factor

Dop - D1 100
D

2

Trap =

Dop = Density of 2/c overprint
D1 Density of first ink
D2 Density of second down ink

Note: All density measurements use the first ink's filter.

.. Ds - D¢
Printing Contrast = ————
Ds
Dg = Density of Solid
D; = Density of Tint
Dy - D,
Hue Error = —M~—~L + 100
Dy - D,

Dy = Highest Density
Dy = Middle Density
D, = Lowest Density

D,
Grayness = —— x 100
Dy

Dy = High Density
D, = Low Density
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